Introduction
Bile acids act as signaling molecules that regulate their own synthesis and transport, at least in part, by serving as physiological ligands for the farnesoid x receptor (FXR; 1 NR1H4), a member of the nuclear receptor superfamily (1) (2) (3) (4) . For example, bile acid activated FXR exerts inhibitory effects on the gene encoding cholesterol-7α hydroxylase (CYP7A1), the rate-limiting enzyme in bile acid synthesis, indirectly by inducing the gene encoding the small heterodimer partner (SHP). SHP then inactivates CYP7A1 by binding to liver receptor homolog-1 (LRH-1), a competence factor for CYP7A1 expression (5, 6) . A similar mechanism has also been shown for bile acid feed-back repression of the sodium/taurocholate cotransporter peptide (NTCP), the major bile acid uptake protein in the liver (7) . In contrast, bile acid activated FXR directly induces the transcription of the gene for the bile salt export pump (BSEP), the principal bile salt efflux pump in the liver (8) . Thus, regulation of hepatic gene expression by FXR promotes a net efflux of bile acids from the liver.
FXR induces transcription of SHP and BSEP by binding DNA sequences composed of two inverted repeats separated by one nucleotide (IR-1) as a heterodimer with the retinoid x receptor (RXR) (5, 6, 8) . FXR also activates transcription of the ileal bile acid binding protein (IBABP) and phospholipid transfer protein (PLTP) genes via IR-1 elements in the promoters of these genes (9, 10) . In contrast to this IR-1 arrangement, FXR has also been shown to bind and activate an inverted repeat without a spacing nucleotide (IR-0). This IR-0 arrangement was found to be the cognate FXR element in the dehydroepiandrosterone sulfotransferase (STD) gene, which encodes an enzyme with bile acid sulfo-conjugating activity (11) .
Bile Acids are synthesized in the liver from cholesterol and conjugated to glycine or taurine before they are secreted into bile canaliculi (12, 13) . In humans conjugated bile acids are the major solutes in bile whereas unconjugated bile acids are almost nondetectable. Importantly, conjugated bile acids are less toxic and are more efficient promoters of intestinal absorption of dietary lipid than unconjugated bile acids (14) . The primary bile acids in humans, cholic acid and chenodeoxycholic acid, are synthesized via the concerted action of enzymes located in the endoplasmic reticulum, cytosol, mitochondria and peroxisomes (13 (17) . VLCS-H2 belongs to a family that includes very long chain synthetase (VLCS) and fatty acid transport proteins. In the second reaction, the thioester bond is cleaved and an amide bond is formed between the bile acid and the amino acids glycine or taurine. The bile acid-CoA: amino acid N-acetyltransferase (BAT) catalyzes this reaction (18) .
Here we show that FXR regulates the expression of genes required for bile acid conjugation to amino acids. We have used Northern analysis and micro-array technology to identify BACS and BAT as FXR target genes. Induction of BACS and BAT gene expression occurs through the direct interaction of FXR/RXR heterodimers with conserved IR-1 elements in the promoter of BACS and in the first intron of the human BAT gene. Finally we show that these genes are up regulated in rats treated with a synthetic FXR ligand. These findings provide further evidence for the critical role of FXR in regulating bile acid homeostasis.
EXPERIMENTAL PROCEDURES
Affymetrix Genechip Expression Analysis-Oligonucleotide micro-array experiments were performed on 10 µg total RNA and analyzed according to protocols developed by Affymetrix (Santa Clarita, CA). Briefly, after quality determination on test arrays, samples were hybridized for 16 h at 45°C to Affymetrix Rat Genome arrays (U34A). Arrays were washed and then stained with streptavidin-phycoerythrin (genome arrays were amplified with an anti-streptavidin Ab).
Stained arrays were scanned with the GeneArray scanner (Agilent Technologies, Palo Alto, CA).
Raw data were collected and analyzed by using Affymetrix MICROARRAY SUITE and DATA MINING TOOLS software. Experiments were done in two replicates from two rat primary hepatocyte pools. Each of the two compound treated samples was compared with vehicle treated samples resulting in 4 pairwise comparisons for each treatment. Genes with concordance exceeding 75% were considered statistically significant (P < 0.05).
RNA isolation and Northern Blot Analysis-Total RNA was isolated from rat primary hepatocytes and rat liver RNA using Trizol reagent (Life Technologies) and further purified by using an Rneasy kit (Qiagen, Valencia, CA). Poly A+ RNA was purified from rat liver total RNA using Oligotex (Qiagen) according to the manufacturer. Five µg of poly A+ RNA was resolved on a 1 % agarose/formaldehyde gel, transferred to nylon membrane, and crosslinked to the membrane with UV-light. cDNA probes were radiolabeled with [α-32 P]dCTP using the Rediprime II labeling kit (Amersham/Pharmacia). Membranes were hybridized using the Rapid hybridization buffer (Amersham/Pharmacia), washed according to the manufacturer and quantified using a Molecular Imager (Bio-Rad). Animal studies-Male F344/NHsd rats were fed ad libitum and were kept under standard light/dark cycle. The GW4064 compound was suspended in 0.5% carboxymethyl cellulose vehicle for a dosing volume of 1 ml. Animals were dosed bid for 7 days with a 16G 2" feeding needle to give a final concentration of 100 mg/kg. 
RESULTS

Identification of BAT as a FXR target gene-To
FXR/RXR heterodimers bind to FXREs in the BACS and BAT genes -EMSA experiments
with a radiolabeled oligonucleotide spanning the BACS IR-1 showed that when incubated with in vitro translated FXR and RXR protein this element produced a significant band-shift that was competed with 150-fold molar excess of unlabeled BACS or IBABP IR-1. No shifted DNAprotein complex was observed when either FXR or RXR was omitted from the EMSAs (Fig.   3A ). An oligonucleotide containing the BAT IR-1 sequence was next radiolabeled and used in a gelshift experiment (Fig. 3B) . The BAT IR-1 produced a significant band shift when incubated with FXR and RXR proteins but not when incubated by RXR alone. Interestingly, a weak band- (Fig. 6A) . Similarly, the BACS transcript was also significantly induced by the GW4064 ligand in rat liver. After normalization to the GAPDH control transcript, the BAT and the BACS transcripts showed an average of approximately 2-3-fold induction by GW4064 compared to vehicle treated rats (Fig. 6B) . Taken together these results support the conclusion that both the BAT and the BACS genes are direct targets of FXR. LG1305 or a combination of FXR and RXR ligands and lysed cells were assayed for luciferase activity 24 hrs later. The results were normalized to β-galactosidase activity and expressed as relative light units (RLU) and represent the mean + SD of triplicate determinations.
DISCUSSION
Transfections were performed at least three times and one representative experiment is shown. 
